INTRODUCTION
R ecent research shows that the occurrence of myopia is on a rising trend [1] [2] [3] . With the increasing prevalence of myopia, high myopia (HM) is becoming more commonly widespread as well [4] [5] [6] . The elongation of the eye axis in high myopia typically results in peripapillary atrophy, disc tilt, sub-foveal choroidal thinning, scleral thinning, and deformed eye structure [7] [8] [9] [10] . Koh et al [11] showed that disc tilt, posterior staphyloma, and chorioretinal atrophy were associated with reduced visual acuity and that myopic-related changes of the optic disc and macula are commonly found in HM eyes, even at young ages. Accumulating evidence shows that age is another risk factor for myopic maculopathy, in which some of these changes are associated with reduced central visual function [12] [13] [14] [15] . However, changes in the location of the fovea should not be overlooked, as it has not been reported yet whether the shift in the posterior pole affects the location of the fovea.
In this study, we analyze the effect of different ages and axial lengths (AL) on the foveal position by evaluating the position of the fovea relative to the center of the optic nerve head (ONH). With the ONH as the reference point, three indices were measured: the distance between the fovea and the ONH center (DFO), the vertical distance between the fovea and the horizontal line pass of the ONH center (VDFO), and the horizontal distance between the fovea and the vertical line pass of the ONH center (HDFO). These measurements, conducted by Topcon Atlantis DRI-OCT, were used to investigate the relationship between age and AL.
SUBJECTS AND METHODS Subjects
Patients with HM were consecutively recruited from the Third Affiliated Hospital of Nanchang University between May 2016 and February 2017. HM was defined as a lens correction of more than 6.0 diopters or an AL greater than 26 mm. In this study, subjects with an AL less than 26 mm were additionally included if they had a large Position of the Fovea Topcon DRI-OCT Atlantis was utilized, using the 12 mm×9 mm scan mode to capture OCT images. We used three indices to accurately determine the position of the fovea. As seen in Figure 1 , the position of the fovea and the ONH was determined using HDFO (long violet line), VDFO (short violet line), and the calculation of
. Refractive Error Patients (<18 years of age) were examined retinoscopically following an instillation of three drops of tropicamide 0.5%, which were instilled at 5-min intervals. After the instillation of the third drop (>30min), subjective refraction was performed. Patients >18 years of age were examined directly using subjective refraction. Axial Length Measurement IOL Master (Carl Zeiss Meditec, USA) was used to measure the AL for 5 times. The average was taken, and if there was a deviation within the 5 measurements, the datum was not used in the study. Grouping Method Age groups (A1, A2, and A3) were divided by age range: ≤18y, >18 to ≤40y, and >40y, respectively. AL groups (AL1, AL2, AL3, AL4) were determined by length: ≤26 mm, 26.01 mm to ≤28 mm, 28.01 mm to ≤30 mm, and >30 mm, respectively. Statistical Analysis Descriptive analyses of the data were undertaken by using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). A one-way analysis of variance (ANOVA) and a correlation analysis of the statistical methods were used. A P value of less than 5% was considered statistically significant. RESULTS Effect of Age on the Foveal Position In the HDFO and DFO comparison, groups A1, A2, and A3 were not statistically significant. However, there was a statistically significant difference within the VDFO comparison. Compared to groups A1 and A2, the VDFO of group A3 was significantly larger ( Table 1 ). The location of the fovea in different age groups is shown in Figure 2 . Effect of Axial Length on the Foveal Position The VDFO of AL2, AL3, and AL4 was significantly larger compared to AL1, as the difference between the groups was statistically significant. Yet, there was no statistical significance within groups AL2, AL3, and AL4. For HDFO and DFO, there was no statistical significance within the four groups (AL1, AL2, AL3, AL4) ( Table 2 ). The location of the fovea with different ALs is presented in Figure 3 . Analysis of the Relationship among VDFO, HDFO, DFO, Age, and AL VDFO is associated with age and AL, while HDFO and DFO are not correlated with age and AL (Table 3) . DISCUSSION HM, along with the elongation of the eye axis and the formation of posterior scleral staphyloma, leads to the irregular expansion of the posterior pole. In the posterior scleral staphyloma of a HM eye, the tilting of the optic disc often leads to morphological changes in the macula. However, it has been rarely reported whether this affects the position of the fovea. To better determine the positional changes of the fovea, this study used DRI-OCT (with the ONH as a reference point) to accurately locate the position of the fovea with VDFO, HDFO, and DFO. We also categorized different ages and AL to undergo group analysis. In a normal eye, the marginal distance from the fovea to the temporal side of the ONH (DFO) is always consistent [16] . In a group with a refractive power of 0.9±1.7 diopter of spherical power (DS), the average DFO was 4.78 mm (4.69-4.86 mm); in a group of -9±1.7 DS, the average DFO was 4.62 mm (4.22-5.04 mm) [17] . Yet, the average DFO in a high myopic eye is 4.95±0.40 mm (4.34-6.16 mm), which is about 44.3% greater than 5 mm [16] [17] . In this study, the distance analyzed (dMO) was calculated from the fovea to the center of the ONH, not the temporal side of the ONH. The average DFO in an HM eye was 5032±716 μm and ranged from 1800 to 7747 μm, with 25% of the eyes under 4651 μm, 50% under 5000 μm, and 75% under 5385 μm. There were 4 eyes (2.9%) under 4000 μm, 65 eyes (46.7%) between 4000-5000 μm, 61 eyes (43.9%) between 5000-6000 μm, and 9 eyes (6.5%) above 6000 μm. Analysis of the age groups indicated that from the differences in DFO, HDFO, and VDFO, positional changes in the fovea were not obvious in ages under 40y. But after the age of 40, vertical changes were evident. Figure 2B and 2C show horizontal distribution (with 500 μm as the center of the distribution) and vertical changes under 1000 μm in ages below 40y. Figure 2D shows that the location of the fovea shifted to be around 1000 μm away from the vertical distance, increasing the range of the horizontal distribution. In addition, there was no large horizontal change following the elongation of the eye axis. After an AL greater than 26 mm, the fovea started changing towards the vertical direction. As demonstrated in Figure 3 , HM eyes with an AL within 26 mm had a VDFO of 0 to 1000 μm and a HDFO of around 5000 μm ( Figure 3A) . Following the lengthening of the eye axis, the fovea was first distributed in the horizontal direction ( Figure 3B ), and then distributed in the vertical direction ( Figure 3C ). When the AL was greater than 30 mm, the distribution of VDFO was between 0 to 2000 μm and the distribution of HDFO was between 4000 to 6000 μm. Correlation analyses demonstrate that VDFO is associated with age and AL, while HDFO and DFO are not correlated with age and AL. An additional study by one of the authors further compared the HDFO and VDFO of HM and pathological myopia. Analysis of the data showed that the HDFO and VDFO of HM were 5046±719 μm and 966±603 μm, respectively. There was no statistical significance between the horizontal distances (HDFO), despite a statistically significant difference in the vertical distances (VDFO). This highly suggests that the position of the fovea shifts in the vertical direction in the progression of high myopia to pathological myopia. Some researchers have used the same DFO parameters, and found that DFO, AL, and optic disc tilt are related [18] [19] [20] . Other researchers have also used the distance between the fovea to the ONH or the side distance of the myopic arc to analyze the morphological changes in the retina of HM eyes [21] [22] . Although other studies use different measurement techniques, these data demonstrate that the distance from the optic disc to the position of the fovea is elongated compared to normal eyes, simple high myopia, and pathological myopia in HM. The current study does have some limitations, such as a small number of subjects. We had also excluded some subjects with ocular diseases that affected the position of the fovea. Thus, the sample population may not have been truly representative of the general HM population. Another investigation with more subjects may be needed in the future. In addition, some confounding factors, such as other factors affecting the foveal position, may not have been controlled and therefore we cannot completely exclude the uncontrolled confounders. However, with the increasing prevalence of high myopia, we hope that our measurements and findings will enhance the understanding of HM and advance research on this disease. In summary, the position of the fovea shifted mainly in the vertical direction as a result of age and the elongation of the eye axis in HM eyes. Our results clearly show that VDFO is associated with age and AL, while HDFO and DFO are not correlated with age and AL. The foveal position changed mainly in the vertical direction along with factors of age and AL in high myopic eyes.
